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High performance liquid chromatography
(HPLC)Polysaccharides from Dendrobium ofﬁcinale possess unparalleled medicinal value. In order to produce the active
polysaccharides from D. ofﬁcinale through tissue culture, the effects of salicylic acid on the accumulation of poly-
saccharides were investigated. Salicylic acid (SA) was beneﬁcial to increasing the contents of polysaccharides.
The highest polysaccharide production occurred on the medium supplied with 100 μmol·L−1 salicylic acid.
After 30 days of culture the production of polysaccharides reached 10.09% and 15.81% by phenol-sulfuric acid
method and 3, 5-dinitrosalicylic (DNS) colorimetric method respectively. The major constituent of polysaccha-
rides, glucose and mannose, was determined by pre-column derivatization-HPLC. The results showed that the
glucose contents were reduced andmannose contents were increasedwith different salicylic acid concentration.
The ANOVA of themannose contents demonstrated that among the different SAs concentrationwas signiﬁcantly
different. The SA application inﬂuenced polysaccharide production rather than degradation because the sucrose
metabolic enzyme activities were modiﬁed by SA. The experiments suggest that salicylic acid could be an effec-
tive compound to enhance the production of active polysaccharides from D. ofﬁcinale.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The genus Dendrobium is one of the largest genera in Orchidaceae
(Wood, 2006). Some Dendrobium species are used as traditional Chinese
medicine. But the number of plants in the world is steadily declining due
to their lower rate of propagation in nature andoverexploitation. As a rare
and endangered perennial herb endemic to China, Dendrobium ofﬁcinale
Kimura et Migo (Orchidaceae) is famous for its unparalleled medicinal
value. For its clinical use, D. ofﬁcinale has been applied to nourish the
body, clear away heat-evil, beneﬁt the stomach, moisten the lung, relieve
cough, promote the production of body ﬂuid and prolong life (Ding et al.,
2008; Xiao et al., 2011). Polysaccharides, as the major active constituent
and rich in Dendrobium species (Liu et al., 2005), are recently reported
to be positive for immunomodulation (Zhao et al., 2007), antioxidant
(Luo et al., 2009), antitumor (Wang et al., 2010), inhibiting apoptosis
(Lin et al., 2011), and prevention of liver injury and ﬁbrosis (Pan et al.,
2012). Therefore, for effective conservation and utilization of D. ofﬁcinale
resource, it is necessary to develop a method for the rapid, mass produc-
tion of polysaccharides. Cell and organ culture possess potential to pro-
duce secondary metabolites than to produce a ﬁeld-grown plant owing
to active growth and secondarymetabolite biosynthesis in culture within
a shorter period.dong University of Technology,
332781775-812.
ghts reserved.As an important endogenous signal molecule, salicylic acid (SA) has
been proven to be a major component in signal transduction systems
which can induce particular enzymes catalyzing biosynthetic reactions
in plants to biotic or abiotic stresses and is essential for the development
of systemic acquired resistance (Klessig and Malamy, 1994). In the re-
cent years, application of exogenous SA at non-toxic concentrations to
plants has been shown to be effective in the regulation number of pro-
cesses, such as improving productivity and quality (Elwan and El-
Hamahmy, 2009), seed germination (Loïc et al., 2006), nutrient uptake
and vegetative growth (Shakirova and Sakhabutdinova, 2003), protein
synthesis (Hao et al., 2012), chlorophyll synthesis and photosynthesis
(Zhao et al., 1995). In addition, SA has been involved in inducing the for-
mation of secondary metabolites in plants, such as polyphenols, alka-
loids, quinines, terpenoids, and polypeptides (Nadeem et al., 2012;
Masidur et al., 2012). There is no report on the effects of salicylic acid
and on the production of polysaccharides in D. ofﬁcinale tissue culture
seedlings. Therefore, the objective of this work was to investigate the
impact of exogenous salicylic acid on the yield of polysaccharides.
2. Materials and methods
2.1. Plant material, tissue culture seedlings and salicylic acid treatments
The capsules ofD. ofﬁcinalewere procured fromYandangMountains,
ZheJiang province, China. Healthy seeds of uniform size were selected
and surfacewas sterilizedwith 5% solution of NaClO for 10min followed
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ized seeds were sown into each culture ﬂask containingMS basal medi-
umwith 30 g·L−1 sucrose and germinated in vitro. After pre-cultivated
for 2 months, uniform size seedlings with completely expanded cotyle-
dons were selected and transplanted into new glass containers with 60
seedlings per container containing MS medium. The experiment
was carried out under a photosynthetic photon ﬂux density of
100 μmol m−2 s−1 with a time period of 12/12 (day/night), tempera-
ture of 25/25 °C (day/night) and relative humidity of 65–67%.
After 60 days of culture, seedlings with the height of 3–5 cm were
transferred to newglass containerswith 30 seedlings per container con-
tainingMSmedium respectively supplemented by a ﬁnal concentration
with 0 (control), 50, 100, 150, 200, and 300 μmol·L−1 of SA under above
conditions. The treatments were arranged with three replicates. Every
6 days, 5 g of fresh seedlings is sampled from every treatment and the
seedlings were stored in−70 °C for use.2.2. Polysaccharide extraction
Polysaccharide extraction was performed followed by the cellu-
lase protocol reported by Zhang et al. (2011) that follows with
some modiﬁcations. The seedlings were ground to a powder after
being dried in an oven (60 °C, 3 days). The crushed powder (40
meshes) of D. ofﬁcinale was extracted with petroleum ether at
70 °C for 1 h thrice and ﬁltered. The residue was hydrolyzed with
0.5% cellulase solution at 50 °C for 2 h, and then further extracted
with 90% ethanol at 90 °C for 0.5 h. After each extraction, the solu-
tions were separated from residues through ﬁltration, and then ex-
tracted with double-distilled water at 25 °C for 2 h thrice. After
combined and concentrated using a rotary evaporator at 55 °C, the
above extracts were precipitated by adding ﬁvefold volume of etha-
nol at 4 °C for 24 h, followed by centrifugation at 4000 rpm for
20min. The precipitate was lyophilized to yield the crudeD. ofﬁcinaleFig. 1. Effect of different concentrations of salicylic acid on polysaccharide contents by phenol-s
method (b).polysaccharides (DOP). The DOP was washed successively with ethyl
acetate and acetone, and then dissolved in water, and then lyophi-
lized to yield the puriﬁed polysaccharides.
2.3. Determination of polysaccharides
The polysaccharide contents of the samples were determined by the
phenol-sulfuric acid method (Dubois et al., 1956). The DOP was added
with 100 mL of water. The color reaction was initiated by mixing 2 mL
of polysaccharide solution with 1 mL of a 10% phenol solution and
5 mL of concentrated sulfuric acid. The reaction mixture was incubated
in a boiling water bath for 15 min. After cooling at room temperature,
the optical density (O.D.) of the mixture was determined at 490 nm
and the total carbohydrate content was calculated with D-glucose as a
standard. The contents of polysaccharides were quantiﬁed by calibra-
tion factor with D-glucose as a standard. The results were expressed as
percentage composition with polysaccharides is equivalent to dry pow-
ders of seedlings.
Contents of polysaccharides %ð Þ ¼ LD fVW  100% where L is the
glucose concentration in the sample solution (mg·mL−1), D is the dilu-
tion factor of sample solution, f is the conversion factor, V is the sample
volume (mL), and W is the weight of Dendrobium powder (mg).
2.4. Determination of reducing sugar
Reducing sugar content and total sugar were analyzed by 3, 5-
dinitrosalicylic (DNS) colorimetric method (Miller, 1959). For each of
the 2 mL of the polysaccharide solution, 6 mL of DNS reagent was
added. The mixture was then heated in boiling water for 15 min until
the red brown color was developed. Then, the mixture was cooled to
room temperature in a water bath. The absorbance was then measured
at 520 nm and the concentration of reducing sugars was calculated
based on a standard curve obtained with D-glucose. For each of theulfuric acidmethod (a) and polysaccharide contents by dinitrosalicylic (DNS) colorimetric
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action mixture was incubated in a boiling water bath for 40 min. After
cooling at room temperature, the solution was added with phenol-
phthalein and adjusted to a reddish color with 40% of NaOH. The absor-
bance was then measured at 520 nm and the concentration of total
sugar was calculated based on a standard curve obtained with D-glu-
cose. The polysaccharide content (%) is equal to the total sugar content
(%) minus the monosaccharide content (%).
2.5. Determination of protein content and sucrose metabolic enzymes
Proteins in the polysaccharides were detected by the methods of
Bradford (1976) and UV absorption on a 2600 UV/vis spectrophotome-
ter (Shanghai Spectrum Instrument Co., Ltd., China). The concentration
of proteins was calculated based on a standard curve obtained with Bo-
vine serum albumin (BSA).
The sucrose metabolic enzymes, sucrose phosphate synthase (SPS),
sucrose synthase (SS), acid invertase (AI) and neutral invertase (NI), ex-
traction and activities determinedwere performed following the proto-
col reported by Lowell et al. (1989), Hubbard et al. (1989) and Komatsu
et al. (1999) following some modiﬁcations.
2.6. Hydrolysis of polysaccharides and derivatization of monosaccharides
with PMP
The standard reference substance of glucosamine hydrochloride, D-
glucose and D-mannose was dissolved in double-distilled water, and
concentration was 12 mg·mL−1, 0.1 mg·mL−1 and 0.1 mg·mL−1 re-
spectively. Polysaccharides of samples were dissolved in 10 mL of
double-distilled water and were treated with 5 mL of 3.0 mol·L−1 HCl
at 110 °C for 1 h. Samples were cooled to room temperature and pH
was adjusted to 7.0 with 3.0 mol·L−1 of NaOH.
According to the reference method (Goubet et al., 2002), derivatiza-
tion was carried out in tubes containing standards and polysaccharides.
400 μL of the hydrolyzed polysaccharide samples was placed in the
2.0 mL centrifuge tubes, and then 400 μL of 0.5 M methanol solution
of 3-methyl-1-phenyl-2-pyrazolin-5-one (PMP) and 400 μL of 0.3 M
NaOH were added to each of them. Each mixture was allowed to react
for 100 min in a 70 °C water bath, then cooled to room temperature
and neutralized with 200 μL of 0.3 M HCl. The resulting solution wasFig. 2. Effects of salicylic acid on the activities of SPS, SS, AI and NI in D. ofﬁcinale. a, b, c, d indic
18 days, 24 days and 30 days respectively.separated by liquid–liquid extraction using a volume of chloroform
(three times, 2 mL). After being shaken vigorously and centrifuged,
the organic phase was carefully discarded to remove the excess re-
agents. Then the aqueous layer was analyzed by HPLC analysis.
2.7. HPLC analysis
The analytical HPLC experiments were performed with waters high
performance liquid chromatography 600 systems (MA, USA) equipped
with photodiode array detector (PDAD) operating at 250 nm. The stan-
dard or supernatant was ﬁltered and a 20 μl aliquot was injected onto
the HPLC. Separations were carried out with Symmetry column C18
(250 × 4.6 mm, 5 μm particle) and isocratic elution with a mobile
phase of 20 μmol·L−1 ammonium acetate and acetonitrile in a ratio of
90:10 (v/v, %). The gradient elution mode separation was programmed
for, 0–20 min (B: 17%–17%) and 20–30 min (B: 17%–37%) with column
temperature of 30 °C and detectionwavelength of 250nm. The ﬂow rate
was set at 1.0 mL·min−1. The glucose and mannose contents of poly-
saccharides were quantiﬁed by calibration factor with glucosamine hy-
drochloride as internal standard.
Calibration factor fð Þ ¼ AS=CSAR=CR where AS is the peak area of internal
standard (glucosamine hydrochloride), CS is the concentration of inter-
nal standard, AR is the peak area of D-glucose or D-mannose standard,
and CR is the concentration of D-glucose or D-mannose standard.
2.8. Experimental design and statistical analysis
A completely randomized design was used for all treatments. All the
experiments were repeated thrice for each treatment. Data were statis-
tically analyzed using analysis of variance (ANOVA). Data are presented
as mean ± standard error (SE). The mean separations were carried out
using Duncan's multiple range tests and signiﬁcance was determined at
0.5% level (SPSS 16.0) (Chung et al., 2010).
3. Results
3.1. Isolation, puriﬁcation and contents of polysaccharides
The polysaccharides, named DOP, were obtained from the seedlings
of D. ofﬁcinale by the method of water-extraction and ethanol-ated the enzymes activities with SA treatments at the cultivation time of 6 days, 12 days,
Fig. 3. Composition of the D. ofﬁcinale polysaccharides by HPLC analysis on the 30th day. 1 indicated glucosamine hydrochloride peak, 2 indicated D-glucose peak and 3 indicated D-mannose peak. a, b, c, d, e, f indicated the polysaccharide chromato-
gram of seedlings with SA treatments at the concentration of 0 μmol·L−1, 50 μmol·L−1, 100 μmol·L−1, 150 μmol·L−1, 200 μmol·L−1 and 300 μmol·L−1 respectively.
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Fig. 4. Effect of different concentrations of salicylic acid on mannose (a) and glucose (b) contents in D. ofﬁcinale polysaccharides by HPLC.
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method and DNS colorimetric method. The total yield rate of polysac-
charides with different concentrations of exogenous salicylic acid treat-
ments was 0.97%–10.09% by phenol-sulfuric acid method and 5.12%–
15.81% by DNS colorimetric method. The DNS colorimetric method
can eliminate the error brought by the monosaccharide content in the
determination of polysaccharides and overcome the great inconve-
nience to the experimental operation brought by strong corrosive of
sulfuric acid. As shown in Fig. 1, adding exogenous salicylic acid
makes the content of polysaccharides change in a concentration-
dependent manner. The maximum content of polysaccharides was ob-
tained by adding 100 μmol·L−1 of salicylic acid which it is detected by
the phenol-sulfuric acid method or DNS colorimetric method. The poly-
saccharide production of different treatments with SA was higher than
that of the control on the 6th day of culture and increased with the cul-
ture time.
3.2. Protein contents
UV595nmwas also selected for the detection of conjugated peptide.
But only a few low peaks could be detected in the samples. The protein
contents of polysaccharides were 2.87%–6.35% by phenol-sulfuric acid
method and 0.01%–0.57% by DNS colorimetric method, average con-
tents of 0.20%. The results further conﬁrmed that all plant polysaccha-
rides contained minor amounts of protein. But protein content inTable 1
ANOVA for mannose contents from DOP.
Source Sum of squares df Mean square F value P value
Model 109.612 8 13.702 5.385 0.003
Intercept 664.759 1 664.759 261.279 0.000
SA 102.232 5 20.446 8.036 0.001
Cultivation time 7.380 4 2.460 0.967 0.434
Cor. Total 147.776 23polysaccharide with cellulase extraction is lower than content with tra-
ditional solution extractionmethod. The protein contentswere relative-
ly low by DNS colorimetric method in our two crude polysaccharide
extract methods. Other bioactive polysaccharides have been reported
as polysaccharide–peptide complexes (Chan and Yeung, 2006). There-
fore, the exact protein content and protein pattern should be further in-
vestigated in the puriﬁed polysaccharides.
3.3. Effects of salicylic acid on the sucrose metabolic enzyme activities
The activities of SPS, SS, AI and NI inD. ofﬁcinaleweremeasured in re-
sponse to the effects of different concentrations in salicylic acid. As shown
in Fig. 2, most sucrose metabolic enzyme activities were signiﬁcantly en-
hanced after treated by SA with 50, 100 and 150 μmol·L−1. But the en-
zyme activities of SPS decreased at the total experimental stage and the
enzyme activities of SS, AI and NI ascend at ﬁrst and descend at 18th
day after treated by 200 and 300 μmol·L−1 of SA. It is notable that the
maximumenzyme activities of SPS, SS, AI andNIwere obtained by adding
100 μmol·L−1 of salicylic acid (Fig. 2). These results showed that low con-
centration of SA could improve sucrosemetabolic enzyme activities. Nev-
ertheless, when the concentration of SA was added up to 200 and
300 μmol·L−1, the sucrose metabolic enzyme activities could be
inhibited. The results were consistent with polysaccharide content
determination.
3.4. HPLC analysis
High performance liquid chromatography was often employed to
determine the contents of polysaccharides. The derivatization and chro-
matographic conditions were optimized to obtain chromatograms with
a good resolution of adjacent peaks within a short analysis time. The
separation of monosaccharides, derivatized with PMP, was analyzed
by HPLC. The monosaccharide compositions of the DOP mainly were
mannose and glucose (Xia et al., 2012). Fig. 3 showed the retention
Table 2
ANOVA for glucose contents from DOP.
Source Sum of squares df Mean square F value P value
Model 1.145 8 0.143 1.288 0.320
Intercept 56.519 1 56.519 508.583 0.000
SA 0.445 5 0.089 0.801 0.566
Cultivation time 0.700 4 0.233 2.098 0.143
Cor. Total 2.812 23
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groups. It can be seen that the internal standard peak, mannose and glu-
cose peak, as well as PMP-labeled monosaccharides of DOP were well
separated by HPLC. The content of monosaccharides was calculated ac-
cording to the peak area. There was a considerable variation in the yield
and ratio of monosaccharides depending upon the SA concentration as
shown in Fig. 4. The glucose contents were reduced and mannose con-
tentswere increased in polysaccharideswith different salicylic acid con-
centration. Monosaccharide content is changed with the culture time
increased and consistent with the results above.
Data of mannose and glucose were statistically analyzed using anal-
ysis of variance (ANOVA) in response to the SA concentration summa-
rized in Table 1 and Table 2. The p-values were used as a tool to check
the signiﬁcance of SA concentration; the smaller the value of p, the
more signiﬁcant was the corresponding coefﬁcient. The ANOVA of the
mannose contents demonstrated that among the different SA concen-
tration was signiﬁcant difference with a value (p = 0.001 b 0.01). The
ANOVA of the glucose contents demonstrated that among the different
SA concentration was not signiﬁcant. The statistical signiﬁcance of SA
concentration was conﬁrmed by Duncan's multiple range tests. Studies
show that mannose content of treatment with 100 μl·L−1 of salicylic
acid was signiﬁcantly higher than other treatments, but has no differ-
ence among the rest of the concentrations. This shows that salicylic
acid has mainly affect the mannose content of polysaccharide and has
little effect on glucose content.4. Discussion
The polysaccharideswere obtained from the seedlings ofD. ofﬁcinale
by the cellulasemethod and ethanol precipitation. In addition, the cellu-
lase method can be mild and effective in breaking cell wall, promoting
the polysaccharides solubility and improving the yield. Cellulase extrac-
tion can cancel Savage deprotein and reduce themixedwith chloroform
and n-butanol, which makes the polysaccharides with higher purity.
The polysaccharides were more conducive to gas chromatography
(GC) and HPLC which analyzes and determine molecular weight and
monosaccharide composition of Dendrobium polysaccharides. SA has
been involved in a part of the pathway that induces to form secondary
metabolites, such as polysaccharides, in plants. SA makes the sucrose
metabolic enzyme activities change in a concentration-dependentman-
ner. The maximum enzyme activities were obtained by adding
100 μmol·L−1 of salicylic acid. But the enzyme activities ﬁrst increased
and then decreased or with SA treatment of high-concentration. The re-
sults show that high-concentration SA treatments inhibit the enzyme
activities and synthesis of polysaccharides.
Separation of monosaccharides was studied by using HPLC analysis
under PMP derivatives. The concentration of derivatizing reagent
should be adequate enough to guarantee the sufﬁcient reaction of the
analytes. In this study, the introduction of PMP into the molecules of
monosaccharides increased the hydrophobicity of the analytes and
made them elute at increased retention times. Thus, the interaction be-
tween the analytes and the columnwas greatly increased. A large excess
PMP was used for derivatization reaction, therefore the removal of re-
siduary reagent by chloroform extraction before HPLC analysis wasnecessary. The effects of derivatization reaction time on peak area of de-
rivative products in HPLC were essential. PMP derivatization reaction
timewas usually selected to be 100min and the peak area of derivative
of each sugar exhibited the maximum (Dai et al., 2010). This method
was validated to be sensitive, precise and accurate, and has been suc-
cessfully applied to the quantitative determination of monosaccharide
components in polysaccharide samples.
In this work, the crude polysaccharides, was successfully extracted
from the seedlings ofD. ofﬁcinalewith cellulasemethod and determined
with three different methods. As a precious herbal plant in the Chinese
traditional medicine, the polysaccharides of Dendrobium which affect
its pharmacological activities. Therefore, the puriﬁcation and structural
elucidation of polysaccharides are still needed in order to understand
more about properties and potential uses. Salicylic acid can exert inﬂu-
ence on the polysaccharide content of Dendrobium and the polysaccha-
ride production varied with the different SA concentration, but further
research is needed on monosaccharide composition and the speciﬁc ef-
fects of polysaccharide components. Salicylic acid may be related to the
regulation of enzyme activity involved in sugar metabolism (Zhang,
2003) and its mechanism needs to be further studied. The analysis con-
ditions of monosaccharide composition of polysaccharides using HPLC
method based on PMP pre-column derivatization was suitable to
someminute quantities of polysaccharide samples with high resolution
separation and simultaneous determination of components. Therefore,
in order to corroborate themechanism of SA on polysaccharide content,
further investigation of its effects in vivo will be carried out in our later
work.
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